The proposed distributed converging overland flow model is utilized to predict surface runoff from three natural agricultural watersheds. The Lax-Wendroff scheme is used to obtain numerical solutions.
INTRODUCTION
In part 1 of this series we developed mathematical solutions for nonlinear watershed runoff dynamics. In part 2 we described the effect of infiltration on the runoff process. In the present paper, the concluding part of the series, we apply the proposed model to natural agricultural watersheds and examine its predictive performance in relation to surface runoff observations from these watersheds.
In part I we noted that analytical solutions are not feasible for time-varying (complex) rainfall input. The most practical method is to utilize hybrid solutions. For a complete discussion on hybrid solutions, see the work by Singh [1974 Singh [ , 1975a . We will only give numerical solutions here. The coupling of the continuity equation and the kinematic approximation to the momentum equation [Singh, 1974] 
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where h is the depth of flow; L is the length of the converging section; q(x, t) is the rate of effective lateral inflow per unit area, varying in time and space; x is a space coordinate; t is a time coordinate; n is an exponent fixed at 1.5 [Singh, 1975b] ; and a(x) is the kinematic wave friction relationship parameter, varying in space. The Lax-Wendroff scheme [Houghton and Kasahara, 1968] , which has been successfully used in many investigations on kinematic wave modeling of watershed runoff [Kibler and Woolhiser, 1970; Singh, 1974 Singh, , 1975a , is form ulated to solve (1).
We can write
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Expanding h(x, t + At) by Taylor series, we get
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where Hot denotes higher-order terms. Differentiating These numerical schemes can be combined with analytical solutions in an appropriate manner to yield hybrid solutions [Singh, 1974 [Singh, , 1975a . It must be pointed out that the Lax- by Newton's algorithm [Conte, 1965] , subject to the preservation of the volume continuity of flow. In a recent study [Singh, 1974] these parameters were specified for all available events on these watersheds. We utilized these results in the present study.
Geometric representation. The objective is to transform the put to the model. We do recognize that the concept of rainfall geometry of a natural watershed into a simpler geometry havexzess is more an artifice than a reality. The processes of ing a similar hydrologic response. The only perfect representarainfall, infiltration, and runoff occur concurrently in nature. tion of a watershed is, of course, the watershed itself. In studies Simultaneous consideration of these distinct processes injects intractable complexity in runoff modeling. It is therefore not surprising that despite this recognition a great many investigators have utilized this artificial notion of rainfall excess in their investigations on rainfall-runoff modeling and that a great many continue to do so even today; in addition, very little attention has been paid to this fundamental problem. For simplicity we ourselves adhered to the traditional practice. Infiltration was determined by Philip's equation [Philip, of the response characteristics of the linearly converging section [Woolhiser, 1969] it was suggested that such a geometry might be a useful abstraction of a watershed regardless of its complexity. This hypothesis was later incorporated in a study by Singh [1974 Singh [ , 1975a and was found promising. Therefore the linearly converging section of a cone, as is shown in Figure   5 , was utilized to represent the geometry of a natural watershed. From this figure it is apparent that the converging section geometry has four geometric parameters including L(1 - The converging section geometry has three geometric parameters, L(I -r), r, and 0, that need to be specified. Since the area of a watershed is usually known, only two parameters need to be estimated. The study [Singh, 1974] showed that for a watershed under consideration, parameter L(I -r)could be taken to be equal to the longest horizontal projection from the most remote portion of the watershed to the outlet and that parameter r could be taken to be equal to 0.01. Thus the topographic map of a watershed suffices to transform the natural geometry into a simpler geometry.
Choice of objective function. The following objective function, based on hydrograph peak, was used in the present study: For computational purposes the converging section geometry was decomposed into several segments, for example, 10 segments for watershed W-2, 11 segments for watershed W-6, and 10 segments for watershed G, as is shown in Figures 2-4 . For each segment the weighted slope is known from the topographic map. Two sets of rainfall-runoff events were selected for each of the three watersheds; one set was called the optimization set, implying that the events in that set were used for optimization only, and the other set was named the prediction set, implying that those events were used for hydrograph prediction only. These two sets were mutually exclusive; that is, they did not have any events in common. The optimization On comparing predicted runoff peaks with observed runoff peaks, we found that they were in reasonable agreement. Hydrograph time and shape characteristics were predicted quite well by the model, especially when its simplicity is considered. However, a few points prompt discussion.
1. In some cases the error in the prediction of the hydrograph peak was as high as about 50%, although in most cases it remained well below 20%. There might be several reasons for high prediction error. The following two reasons appear to be most prominent. First, the size of the optimization set is very small, and therefore we cannot hope to obtain representative values of constants c• and c•., especially since the rainfallrunoff events for each watershed under consideration represent a long stretch of time, often 15 years or more. During this period of time several changes in land management and cropping pattern must have taken place on these watersheds. These changes can in no way be represented by such small samples as we have considered. Second, there is difficulty in determining rainfall excess, which in fact generated observed runoff. The determination of true rainfall excess seems to be the major problem in most rainfall-runoff models, and our model is no exception. Philip's equation, utilized in this study,, is too simple to predict the time distribution of infiltration accutiming errors that result from improper synchronization of rately, and then there is the difficulty of estimating its paramerainfall and runoff observations. ters. Our model was used primarily for its simplicity. Figures 6-8 illustrate that our model predicts the time distribution of runoff quite well. We must note that the optimization of parameters cs and c•. employed an objective function that was based on hydrograph peak only. Runoff timing was not considered explicitly, yet the hydrograph shape and time characteristics are well predicted. It seems to us that if the model structure is sound, it might suffice to perform optimization of parameters on some prominent characteristics of the runoff hydrograph even for the prediction of the entire hydrograph; therefore there is no need to consider the entire hydrograph explicitly in the optimization.
Considering its simplicity the distributed converging over- In a linear stability analysis it is assumed that instabilities first appear in a small region of space, so that if the coefficients of the derivative are smooth functions, they can be approximated as constants in this region. We write (1) where 0 = trax. Equation (A14) gives the stability criterion.
Let us consider the most critical condition, when the left-hand side of (A14) is evaluated at the values of aAx shown in Table  1 . From this analysis it is apparent that the criterion stated in Table 1 is 
